Six abomasally cannulated Hereford steers (12 mo of age, 300 f 10 kg) grazing annual ryegrass (LoZium muZrij7omm Lam.) paddocks were used in a replicated 3 x 3 Latin square design to determine effects of nuninal escape protein (EF' ) supplementation on forage intake, fiber digestion, and protein flow to the intestine. Steers were fed one of three isoenergetic supplements: high ruminal escape protein (HEF' ), low ruminal escape protein 
Introduction
Protein nutrition of growing cattle is of utmost importance, because a deficiency of 1 g of protein/d can reduce gain by 10 g/d (NRC, 1984) . Winter annual pastures containing up to 33% CP (Beever, 1984) are often considered to provide all the CP required by young, growing ruminants; however, much of this CP never reaches the s m a l l intestine Wyatt et al., 1975 Vogel et al., 1987) . Hence, postruminal protein supply could be deficient for young ruminants, resulting in less than maximal performance.
Increased weight gains have been reported for steers supplemented with nuninal escape protein (EP) while grazing perennial grass pastures (Stock et al., 1981; Craig, 1983 Objectives of our study were 1) to determine effects of Ep supplementation on abomasal CP flow in steers grazing winter annuals, 2) to estimate DMX of steers grazing annual ryegrass, and 3) to determine effects of EP supplementation on ruminal DM and fiber digestion. (Satter, 1986) Forage and fecal samples were dried in a forced-air oven at 55'C and ground to pass a l-mm screen. After drying, 50 g of each fecal sample was cornposited by steer across days within period. Abomasal samples (60 ml from each sample) were composited (by steer across days within period) and centrifuged at 1,500 x g for 15 min to separate particulate and fluid digesta components. Abomasal particulate digesta were lyophilized, ground to pass a l-mm screen, and stored.
All samples were analyzed for CP (AOAC, 1980) . Total abomasal CP was calculated by summing CP in fluid and particulate digesta. Ammonia in fluid digesta was measured with an ammonia electrode5. Forage, supplements, abomasal particulate, and fecal samples were analyzed sequentially for NDF, ADF, and ADL (Robertson and Van Soest, 1981) . Cell solubles were calculated as DM minus NDF, hemicellulose as NDF minus ADF, and cellulose as ADF minus ADL. All fiber components were calculated on an ash-free basis. These samples and oat samples we= wet-ashed (Hill and Anderson, 1958) and analyzed for Cr concentration using a spectrophotometer set at a wavelength of 430 nm. Abomasal fluid was filtered through four layers of cheesecloth and centrifuged at 20,000 x g. Cobalt concentration of the Supernatant fluid was determined using an atomic absorption spectrophotomekfi. Total fluid digesta flowing to the abomasum was calculated from dilution of Co-EDTA fed Abomasal, fecal, supplement, and forage samples were digested in vitro (Tilley and Terry, 1963 ) for 144 h as described by Henderson et al. (1985) but were not subjected to pepsin digestion. The inoculum source was a steer consuming wheat silage. After the in M y . vitro digestion, samples were poured through ADF crucibles and boiled in ADF detergent (Goering and Van Soest, 1970) to determine indigestible ADF (IADF) percentage. Indigestible ADF served as an internal marker to measure apparent digestibility coefficients for DM and fiber. Concentration of chromic oxide in the feces was used to estimate DMI, where DMI = ( 0 2 0 3 intake/Cr2O3 fecal concentration)/fraction of undigested fecal DM (undigested fecal DM = IADF diet/IADF feces) (Pond et al., 1987) . Dry matter flow to the abomasum was calculated as intake x undigested DM. Apparent digestibilities of specific components (fiber, CP) were calculated as described by Galyean (1985) .
Analysis of variance (SAS, 1985)
was used to analyze data. Main effects used in the model were treatment, period, square, and steer within square. Dependent variables were analyzed for linear and quadratic effects using orthogonal contrasts.
Results and Discussion
Forage composition remained relatively constant throughout the trial ( Table 2 ). These data indicate that forage quality is higher than that reported by Dor~aldson et al. (1989) , and, based on cell solubles, NDF, ADF, and ADL contents, the forage should be highly digested. Cell solubles accounted for approximately half the forage DM content. In addition, ADL content of the forage was low, indicating that forage cellulose and hemicellulose digestibility 'should be high.
Total DMI and forage DMI (Table 3) increased quadratically (P < .03 and P < .07, (Beever, 1984; Ulyatt et al., 1975) . Ruminal and total tract mean apparent DM digestibilities were 62.5 and 74.9%, respectively (Table 3) . Ruminal DM digestion was not influenced by supplement (P > .lo);
however, there was a trend for increased total tract DM digestion (P < .13) with EP supplementation. In addition, fiber digestion was not Merent between corn and EP supplements ( Table 4) .
I ncreases in forage DMI are normally accompanied by decreases in DM digestibility. In the current study, DMI increased in steers receiving EP supplements (Table 3) , but reticuloruminal DM digestion was not affected by supplements. However, total tract DM digestion was increased (P < .13) by Ep supplementation. These data may indicate that neither gut fill nor digestibility was a factor controlling intake, but the steers receiving EP supplements responded to some other physiological mechanism (e.g., amino acid balance) associated with intake control. In cattle consuming high-forage diets, intake can be very dependent on digestibility because intestinal fill can limit intake. Therefore, a more digestible diet favors greater intake (Waldo, 1986) . Because the forage in our trial was very digestible, DMI could have been directly dependent on forage DM digestibility. In addition, a more complete supply (quantitatively and qualitatively) of amino acids to the small intestine could increase intake if particular amino acids had limited growth. Because these amino acids would no longer be limiting, cattle could consume enough energy and other nutrients to maximize growth.
Crude protein intake increased linearly (P < .07) as EP supplementation increased ( Table  5 ). The majority of the increased CP intake was a result of increased forage intake. A small percentage of the increased CP intake resulted from more CP provided by the LEP and HEP supplements. Protein flow to the abomasum increased linearly (P < .lo) with EP Our data indicate that Ep is superior to corn supplementation for improving forage intake and abomasal protein flow of growing steers on winter annual pastures. Ruminal escape protein increased protein flow to the hindgut and more of the protein was digestible. Although a true control was not used, EP increased total and forage DMI over corn supplementation without having detrimental effects on DM or fiber digestion. Therefore, it seems that EP is one method to increase protein flow and increase nutrient intake without negatively affecting fiber digestion in growing ruminants consuming highquality forages.
Implications
Our data suggest that supplementation of cattle grazing winter annual pasture with a ruminal escape protein supplement increases the supply of protein postruminally. This result may be of particular importance because ruminal microbes cannot produce enough protein to meet the needs of high-producing ruminants. Supplementation of growing cattle grazing highquality winter annuals with escape prokin will provide more protein postruminally and reduce the possibility of protein deficiency. Therefore, escape protein supple mentation offers the opportunity to improve cattle performance in certain production situations.
